People with dementia may have an altered sensitivity to indoor environmental 25 conditions compared to other older adults and younger counterparts. This paper, based on 26 literature review and qualitative research, provides an overview of needs regarding 27 thermal comfort and the design and implementation of heating, ventilation and air 28 conditioning systems for people with dementia and other relevant stakeholders through 29 the combined use of the International Classification of Functioning, Disability and 30 Health, and the Model of Integrated Building Design. In principle, older adults do not 31 perceive thermal comfort differently from younger adults. Due to the pathology of people 32 with dementia, as well as their altered thermoregulation, the perception of the thermal 33 environment might be changed. Many people with dementia express their discomfort 34 through certain behaviour that is considered a problem for both family and professional 35 carers. Ethical concerns are raised as well in terms of who is in charge over the thermal 36 conditions, and the protection against temperature extremes in hot summers or cold 37 winters. When implementing heating, ventilation and air conditioning systems one should 38 consider aspects like user-technology-interaction, diverging needs and preferences within 39 group settings, safety-issues, and minimising negative behavioural reactions and draught 40 due to suboptimal positioning of outlets. At the same time, technology puts demands on 41 installers that need to learn how to work with customers with dementia and their family 42 carers. 43 44 Keywords 45
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1. Introduction 49 According to Alzheimer Europe [1] , there are an estimated 6 million -mainly older-50 people with dementia in the European Union. The vast majority of them lives at home, 51 where they are largely dependent on (in)formal care [2] . Dementia is the loss of cognitive 52 function of a sufficient severity to interfere with social or occupational functioning. 53 Alzheimer"s disease is the most important cause. Contrary to popular belief, loss of 54 memory is not the only deficit in dementia. There are different kinds of symptoms in 55 dementia, including (i) impairment in activities of daily life, (ii) abnormal behaviour, and 56
(iii) loss of cognitive functions [3] . 57 People with dementia are known to have an altered sensitivity to environmental 58 conditions, and some may become increasingly reactive to their environment [4] . This in 59 turn can result in behavioural problems, which form a serious burden for carers and are 60 one of the reasons for long-term institutionalisation. The increased sensitivity seems to 61 stem from the reduction of the individual"s ability to understand the implications of 62 sensory experiences [5] . In practice, about 90% of people with dementia show problem 63 behaviour [6] , which may be related to environmental stimuli. Apart from pharmacologic 64 means, nonpharmacologic interventions can play an important role in managing problem 65 behaviour [6, 7] . 66 The abovementioned changes in sensitivity imply that dementia has severe implications 67 on daily life, and sets extra demands to living environments, including the thermal 68 environment or indoor climate [8] . The thermal environment can be described as the 69 characteristics of the environment that affect the heat exchange between the human body 70 and the environment. Thermal comfort is described as "the state of mind, which expresses 71 satisfaction with the thermal environment" [9] . There exist extensive modelling and 72 standardisation for thermal comfort, which depend both on physical and physiological 73 parameters, as well as on psychology. 74 The home"s indoor climate is not only the key factor in providing comfort to the 75 occupants, but might even be a nonpharmacologic factor in managing problem behaviour 76 accompanying dementia syndrome, and thus a yet largely unexplored and ill-known 77 factor in care support and the reduction of the burden of care. Since people with dementia 78 respond on a sensory level, rather than on an intellectual level [10], and given some of the 79 cognitive and behavioural problems, extra attention should be paid to the indoor 80 environment in relation to comfort and behaviour. It is, however, important to stress that 81 cognitive impairment is not caused by environmental design, but problem behaviours 82 may be exacerbated by inappropriate environments [11] . It is therefore of the utmost 83 importance that the role played by the indoor climate is acknowledged by all relevant 84 actors. 85 86 The design and maintenance of the indoor climate is the domain of various professions in 87 the field of technology, not nursing in particular, such as building services engineers, 88
architects and building physicists. Nursing literature in general often mentions the indoor 89 climate in relation to people with dementia in various care settings, and provides clear 90 indications in the form of anecdotal evidence that people with dementia are generally 91 very sensitive to (changes in) indoor climatic conditions. Professionals from the 92 technological disciplines are the ones that build homes and install building services, using 93 guidelines that are based on healthy, working-age adults. The integrated design of 94 buildings in itself is a complex process; there are many stakeholders, it involves many 95 disciplines and building systems, and aims at creating a range of stakeholder-related 96 values [12] . People with dementia are the ones that are most affected when their actual 97 needs are not considered in the design process and if a building cannot deliver its full 98
potential of values to all users. A trend in society that makes the two professional fields 99 come together is the emergence of air conditioning system in group-living and assisted-100 living facilities to protect older adults against the risk of increased mortality during long 101 periods of (extreme) heat, as seen in the 2003 and 2006 heat waves in Europe. A good 102 implementation of such technologies is crucial to not only protect people, but also to 103 provide comfort to -and to maintain well-being of-older people with dementia. At the 104 same time, there are important issues concerning the supply and costs of energy and fuel 105 poverty, and the health risks of cold winters in community-dwelling people [13] . 106 This paper, based on literature review and qualitative research, studies the needs 107 regarding thermal comfort and the "comfort-related" design and implementation of 108 relevant building systems for community-dwelling people with dementia in an integrated 109 way by focussing on the creation of building-related values for the relevant stakeholders: 110 the person with dementia, family and professional carers, and professionals from the 111 fields of technology, construction and housing. 112 113
2. Methodology 114
This study was based on (i) literature research, and (ii) reinterpretation of two data sets of 115 qualitative research based on semi-structured interviews on the use of technology by 116 community-dwelling older adults with dementia. Method and data triangulation was 117 applied by combining these different research approaches. The International 118
Classification of Functioning, Disability and Health (ICF) by the World Health 119
Organization [14] , and the Model of Integrated Building Design by Rutten [12] were 120 chosen as frameworks for structuring and presenting the data (Figure 1 The current study also makes use of two existing qualitative data sets on the use of 156 technology by community-dwelling older adults in the Netherlands for a secondary 157 analysis; the first data set is by van Berlo [15, 16] , and the second is by van Hoof & Kort 158 [17] . These datasets concern the use of technology by community-dwelling older people. 159
A phenomenological approach was used for the secondary analysis. 160
The van Berlo data set includes in-depth interviews (n=10) with primary carers (2 males  161 and 8 females, often relatives) of community-dwelling people with dementia (4 males and 162 6 females). The interviews deal with the potential of technology in order to diminish the 163 burden of care by limiting or partly taking over the various tasks of supervision. The 164
interviews also deal with thermostats. Work related to this data set was published by 165
Sweep [18] and Sweep et al. [19] . Housing is one of the services that can be offered to older adults (with dementia) 213 according to the concept "integrated care". In integrated care, packages of care and 214 services are offered that fit into a daily rhythm or programme, or seamlessly follow the 215 needs of users over time [21] . Integrated care may be seen as the process that is facilitated 216 or supported through a fitting and integrated building process. Rutten [12] presented a 217
Model of Integrated Building Design (MIBD) (Figure 1 ), which provides an overview of 218 sub-aspects of the design process of a building and the desired building performance 219 levels. In this model, a building derives its total value based on the quality of its 220 relationship with its human environment. Although not necessarily mutually exclusive, 221 the interests of different "users" of a building can be quite varied [22] . Within the MIBD, 222 six values and domains are distinguished, namely the basic, functional, local, ecological, 223 strategic, and economical values. The ICF has a connection to three of these values, and 224 therefore, emphasis will be on the basic value, functional value and economic value. 225
1. Basic value 226
The basic value is determined from a building"s relationship with individual occupants 227
and their sense of psychological and physical well-being. Thermal comfort (direct effect) 228
and air quality (ventilation, indirect effect) are requirements under this category. Aspects 229 of safety as well as spatiality are also included within the domain of basic values. The 230 person with dementia is the most important stakeholder in this section. The family carer 231 is the one who knows the person with dementia best and can estimate the degree of 232 psychological and physical well-being of this person. The starting-point is that the person 233 with dementia stays in control and is accepted for as long as possible, even though there 234 comes a point that the family takes over and becomes responsible. The basic value had a 235 broad perspective; it can be regarded from a personal perspective and from the 236 perspective of the building systems. 237
2. Functional value 238
The functional value is concerned with how activities taking place inside the building are 239 supported. It relates to the organisation, which could be the organisation of care in the 240 case of dementia, or the maintenance services of building systems. Underlying 241 requirements include: support for production, manageability, operations and maintenance, 242 and cleanliness. 243
3. Economic value 244
The economic value is based on the relationship with people concerned with the 245 ownership and marketing of the building. This could be the occupants of the home as 246 they own the dwelling, or a housing cooperation or care organisation that owns real 247 estate. Sub-level requirements include: initial cost, life-cycle costs (operating costs & 248 maintenance costs) and demolition costs. 249 250
The overall value of a building derives from how well it performs at all of the various 251 human perspectives from which it is viewed. Defining total building quality therefore 252 requires that the needs of all potential stakeholders be considered [22] . The building itself 253 is made up of several systems or components, the six S"s: stuff, space-plan, services, skin, 254 structure, and site [23] . These components can be further sub-divided into sub-system 255 components. The realisation of comfort is the resultant of various building systems. Each 256 system has a specific set of functions that contribute to the achievement of a certain 257 value. In this paper, various sub-systems as the façade system (skin), and heating, cooling 258 and ventilation systems (services) and the controls are discussed in relation to the relevant 259 stakeholder in terms of the provision of thermal comfort and a proper implementation in 260 relation to safety and security. The heating, cooling and ventilation systems are further 261 divided into: (i) heating systems (water-based systems and electrical systems), (ii) 262
heating, ventilation and air conditioning (HVAC) systems, which deliver conditioned air, 263
and (iii) ventilation systems (mechanical, natural and hybrid ventilation). 264 265 2.3.3. Combined model 266
The combined use of these models allows for an analysis of the current scientific problem 267 that matches the mindsets of both scientific domains. From a practical point of view, this 268 approach allows for a problem analysis from the viewpoint of the care recipient (i.e., 269 person with dementia) which forms the basis of ICF, and to integrate the building process 270
in such a way that it leads to a more fitting and appropriate use of a building (home), its 271 rooms/spaces, and the technological and interior design. In this paper, only three values 272 of the MIBD are considered for further analyses as they are the most relevant to the 273 subject of this study: the basic, functional and economic values, although emphasis will 274 be on the basic value. The connection between ICF and MIBD is as follows. The basic 275 value deals with the needs of the stakeholders as described in ICF terms, the functional 276 value deals with answers and solutions to the needs of stakeholders, and the economic 277 value deals with the fit between demand and supply. 278 279
3. Basic value 280
The domain of the basic value concerns the needs of the main stakeholder; the person 281 with dementia. The next sections deal with standardisation and the impact of 282 physiological changes that accompany biological ageing and dementia on the perception 283 of thermal comfort, as well as directions for further thermal comfort research. This is 284
followed by a discussion of the ethical aspects related to thermal comfort and relevant 285 building systems. 286 287
3.1. Thermal comfort: standardisation, ageing and dementia 288 3.1.1. Thermal comfort models and standards 289
The most commonly used model for evaluating general or whole-body thermal comfort is 290 the PMV-model (Predicted Mean Vote) by Fanger [24] . The PMV-model was created in 291 the late 1960s by climate chamber research involving college-age students. It was 292 validated for older people with 128 older subjects. The model expresses thermal sensation 293
by Predicted Mean Vote, a parameter that indicates how occupants judge the indoor 294
climate. PMV is expressed on the ASHRAE 7-point scale of thermal sensation (cold, 295 cool, slightly cool, neutral, slightly warm, warm, hot). The outcome of the model is a 296 hypothetical thermal sensation vote for an average person; i.e., the mean response of a 297 large number of people with equal clothing and activity levels, who are exposed to 298 identical and uniform environmental conditions. ASHRAE [9] defines thermal sensation 299 as a conscious feeling, which requires subjective evaluation. The PMV-model is adopted 300 by the (inter)national standards ISO 7730 [24] , ANSI/ASHRAE Standard 55 [9] , and EN 301 15251 [26] . These standards aim to specify conditions that provide comfort to a majority 302 of healthy building occupants, including older adults. In practice, a selection of an 303 acceptable percentage of dissatisfied is often made depending on economy and technical 304 feasibility [27] . EN 15251 [26] mentions that for spaces occupied by very sensitive and 305 fragile persons, PMV should be kept between -0.2 and +0.2 on the ASHRAE 7-point 306 scale of thermal sensation. 307
Apart from general or whole-body thermal comfort, there is also local thermal 308 discomfort, which is due to non-uniformity of the thermal environment. negatively influence habitual physical activity [34] . However, according to Kenney & 334 Munce [30] , when the effects of chronic diseases and sedentary lifestyle are minimised, 335 thermal tolerance appears to be minimally compromised by age. 336
Although 20% of older adults show no vasoconstriction of cutaneous blood vessels, not 337 all of the remaining 80% have diminished control of body temperature [35] . Foster et al.
338
[36] found a reduction in the sweating activity of aged men compared to younger age 339 groups. The body temperature threshold for the onset of sweating was increased as well. 340
These differences were even more pronounced in aged women. Moreover, 341
pharmacological interventions may influence thermoregulation [13, 37] . In general, older 342 adults have a reduced (i) muscle strength, (ii) work capacity, (iii) sweating capacity, (iv) 343 ability to transport heat from body core to skin, (v) hydration levels, (vi) vascular 344 reactivity, and (vii) lower cardiovascular stability [29] . A number of studies have been 345 conducted on older adults and their preferences of, and responses to, the thermal 346 environment. Some studies found differences in heat balance, or preferences for higher or 347 even lower temperatures between the old and the young, while others have given support 348
to the PMV-model, which is based on the assumption that all age groups have the same 349 thermal preference Apart from the ASHRAE definition of thermal comfort there is also a 358 thermophysiological definition, which is based on the firing of the thermal receptors in 359 the skin and in the hypothalamus. Comfort in this sense is defined as the minimum rate of 360 nervous signals from these receptors [39] . Due to the pathology of many persons with 361 dementia, involving damaging of brain tissue, the perception of the thermal environment, 362
as well as the thermoregulation of psychogeriatric people might be different from their 363 counterparts without dementia. Van Hoof [40] has postulated that more thermal comfort 364 research is needed for older adults with dementia because of damages to the brain tissue 365 and to problems expressing themselves. 366
In a study comprising 237 older adults, Sund-Levander and Wahren [41] Another problem, illustrated by Steinfeld [42] , is that individual thermal preferences may 393 differ greatly within the population of older adults with dementia. According to Fountain 394 et al. [47] , individual differences in healthy adults are frequently greater than one 395 ASHRAE-scale unit when they are exposed to the same environment (inter-individual 396 variance). In addition, how a person feels in the same environments from day-to-day can 397 also vary on the order of one scale value (intra-individual variance). This scale value 398 corresponds to a temperature range of approximately 3 K; the full width of the comfort 399 zone in either summer or winter [47] . It is therefore not possible to exactly predict 400 thermal comfort for individuals. That is the reason the comfort zone in standards is as 401 wide as it is, and why it is unreasonable to expect all people to be satisfied within a 402 centrally controlled environment, even when the thermal conditions meet current 403 standards. In the case of older people with dementia, providing thermal comfort even 404 when meeting current standards may be even more problematic particularly in group 405 settings, due to even larger inter-individual variances. 406 407
3. inappropriate design is at the basis. Bakker also provides an example of a person with 546 dementia on a hot summer day, in a room without air conditioning. Although staff 547 claimed that the person could no longer operate the HVAC equipment, which was said to 548 be due to dementia, it turned out the lettering on the control panel was too small and 549 contrast was too low. Apart from operational restrictions, there are more concerns 550 regarding air conditioning for older people with dementia. 551
In the Netherlands, some of the regional health care assessment centres take heating 552 systems in account when assessing the need for care of a client living at home, for 553 instance, whether occupants can handle the knobs, the thermostats and the central heating 554 system itself. This means that these organisations acknowledge the importance of such a 555 system in relation to being able to live independently. 556 557
The role of the technological professions 558
Dementia also calls for a more thorough approach from the technological domains. This 559 approach is twofold. 560
First, installing technology puts demands on installers and their technological solutions. 561
The complexity of technology can have a disabling effect on the person with dementia 562 [59] . ( Figure 2 ). They state that because biological ageing itself means change, the design of 569 environments and equipment used over the lifespan should include the potential for 570 changing requirements associated with ageing. Figure 2 represents the interaction 571 between a person and the environment. People receive information from the environment 572
(perception). This may lead to actions that may adjust or modify controls of the system 573 that is operated. Within the model, age-associated differences in sensitivity to the thermal 574 environment, as well as individual differences in, for instance, cognitive abilities, are the 575 main things that determine whether it is necessary to age-adjust the relationship between 576 the person and the system being operated [ Second, technical professionals should be aware that current standards and guidelines for 600 thermal comfort cannot be applied to persons with dementia without caution. In general, 601 the quality of the indoor environment may be expressed as the extent to which human 602 requirements that have a great interindividual variety are met. Some people are known to 603 be rather sensitive and are difficult to satisfy [66] , and this seems to be particularly true 604
for people with dementia. 605
Other relevant building regulations tend to be primarily written for the needs older people 606 with a physical impairment, rather than for people with mental or cognitive impairments 607 [67] . The bathroom is the room where a heating system is needed most. Bathrooms should be 673 comfortably warm, since people undress in these rooms [70] [71] [72] . For institutional settings, 674
Aminoff [44] states that in winter, if residents cannot complain that they are cold, 675
undressing and later dressing in a cold bathroom, or allowing them to lie naked waiting to 676 be washed with cold water, is "cruel". According to Warner [73] , a person with dementia 677 may not realise that a bathroom is too cold, only that he or she is uncomfortable, and may 678 not associate the room"s temperature with the experienced discomfort or have the ability 679 to communicate it. This often results in frustration, anger or attempting to get away from 680 the discomfort. Apart from discomfort and risks of hypothermia, there are other safety 681 issues involved in relation to heating systems. 682
The diminished understanding of the surroundings also puts demands on the way heating 683 systems are installed, and on safety requirements of separate, auxiliary electronic heating 684
systems. These electronic systems should be kept out of the bathroom as much as 685 possible [72] . An alternative solution to increasing comfort and providing heat is to 686 install heat lamps in the ceiling [10, 57, 72] . Heat lamps cannot be knocked over, for 687 instance, into water, or touched by wet hands since they are out of reach [73] . A timer 688
should be used to switch the heat lamps off, in case one forgets about the equipment [73] . 689
In a study by Sloane et al. [74] the environmental modifications most commonly 690 suggested by nursing staff (n=71) as elements of an ideal bathing area included installing 691 heat lamps and sufficient heating of bathrooms (24.6%) and improved ventilation 692 (13.1%). 693
Another safety issue is formed by hot radiator panels. Hot radiators should be blocked or 694 covered, since people may have difficulty judging the temperature of the device and burn 695 body parts [69,75,76]. Not only radiators, but also water pipes can cause burns [73] . 696
When people are seated in a wheelchair, uninsulated piping and drains can cause burns to 697 one"s knees, without the person with dementia immediately indicating he or she is in 698 pain. Radiators in general pose hazards in case of fall incidents [8, 69] . This is illustrated 699 by an example from qualitative research. Mrs. S (aged 83, widowed) has equilibrium 700 disturbances due to Parkinson"s disease. She shows that radiator panels can be a cause of 701 serious injury when falling. During the interview, Mrs. S had several stitches in her 702 forehead after she had fallen against the radiator panel.
703
A solution is to install radiant floor heating instead [8,10], which also help occupants to 704
keep "cold feet" warm. The temperature of such systems should not be too high because 705
of the risk of developing oedema in the lower legs. Non-slip sheet rubber or a cushioned 706 low glare vinyl on a bathroom floor can also replace tiles to keep feet warm [71] . 707
Moreover, wall panels collect dust and thus require regular cleaning. On the other hand, 708
radiators can play an important role in reducing stress. Radiators can be used to warm 709 towels that can be used to pat one dry and to increase the sense of privacy [10, 72] , and 710 help people dry used kitchen towels. 711
Bedrooms should be thermally comfortable [72] . Nocturnal unrest may be caused by 712 people being too cold or too warm, and can along with medication and fluid intake 713 contribute to people going out of bed to go to the toilet, which brings along the risk of fall 714
incidents [77] . When (un)dressing, bedrooms should not be too cold [70] . Cold rooms 715 may even put a physiological strain on older people and may lead to stress in the 716 circulatory system. The aforementioned data on safety in bathrooms can of course, to 717 some extent, be applied throughout the home. 718 719 6.3. Services: HVAC systems 720
In many countries, domestic HVAC systems that are often installed for cooling are a 721 luxury item, whereas they are more common in warm countries, including large parts of 722 the USA. As mentioned before, bedrooms should be thermally comfortable [72] , and 723
cooling provided via air conditioning may contribute to comfortable conditions, and even 724 help prevent nocturnal unrest [77] . Especially in hot summers, silent air conditioning 725 systems can help people fall asleep, which is both important to people with dementia and 726 their family carers. 727
Also, there are some considerations to the positioning of outlets of HVAC systems. 728
Systems that are installed to increase comfort, may, if not adjusted correctly, be a source 729 of discomfort when people are unable to move aside or complain [44] . Naked people or 730 those who had just been bathed should not be exposed to a draught, as they are unable to 731 complain of cold, or ask to be moved or covered. Outlets directing air on curtains or 732 papers on tables can cause them to move. Warner [73] states that such movement might 733
give the impression to the person with dementia that someone else, even a ghost or a 734 thief, is in the room. 735
Given the uncertainties in comfort needs and possibly large inter-individual spread in 736 preferences, special attention should be given to mass installation of HVAC systems (in 737 particular, cooling) in light of recent hot summers as 2003 and the increased mortality 738 rates of persons with dementia [78, 79] . Dementia is a threat as people may not be 739 conscious of certain risks during a heat wave, and as it can impair a person"s perception 740 of environmental conditions, threshold of suffering, and physiological defence 741 mechanisms [79] . The protection from mortality by shielding people from heat could go 742 hand in hand with more problem behaviour as people are exposed to cooler air and 743 experience discomfort, and needs further elaboration. 744 745 6.4. Services: ventilation systems 746
Adequate ventilation is very important during bathing, in order to let fresh air in and to 747 limit the amount of moisture that can cause unwanted mould growth. Brawley [80] 748 mentions that steam-filled bathrooms may be stressful. Automated ventilation systems 749 may be an option to get rid of excess moisture, but can problems of their own. Steinfeld 750
[42] describes how his father with dementia got anxious by the noise generated by the fan 751 that activated automatically when the light was turned on. The old man did not 752
understand the source of the noise, as he turned on the light, not a fan. Warner [73] too 753 mentions it is important to consider problematic sounds in the bathroom that may be 754 confusing or irritating, including exhaust fans. Ceiling fans should be installed with care, 755
as they may be a source of discomfort (draught, noise) when not adjusted properly, or 756 when people with dementia are unable to move or complain [44] . 757
Operable windows can cause draughts, which can cause curtains to move. This may lead 758
to the aforementioned problems. 759 760 6.5. Services: control systems 761
Control systems form the most important sub-system component within the MIBD when 762 considering the needs of people with dementia. This is illustrated by numerous examples 763 from the qualitative data sets. The next paragraphs will focus on individual control of the 764 environment for people with dementia, and the role of individual control in relation to an 765 altered perception of environmental conditions. 766 767 6.5.1. Individual control 768
If cognition allows, thermostats give people the opportunity to control their environment 769 to a certain extent. Marshall [53] states that very little attention has been given to 770 technology to control the environment and thus help with problem behaviour. Marshall 771 mentions the potential of technology, for instance, in reducing irritability when people 772 with dementia are hot, by controlling temperature. The importance of temperature control 773 for people with dementia at home is stressed by Gitlin [81] . According to Brawley [10] , 774 one could consider installing an independent temperature control for the bathroom as a 775 means to optimally control the bathroom"s temperature. If thermostats cause difficulty 776 operating, covers can be placed over the controls [10, 82] , or thermostats can be pre-set 777 and disguised [76] , or simply placed out of sight. 778 Karjalainen [83] studied the usability problems with office thermostats and concluded 779
that a substantial amount of information is needed even to use a seemingly simple 780 thermostat. Hence, it is not a complete surprise that thermostats are known to be 781 troublesome for people with dementia. Steinfeld [42] states that the system"s delay in 782 providing hot or cold air is one of the problems, since people forget that they manipulated 783
the system"s interface and then think the system is malfunctioning or broken. In his 784 example, the person with dementia overcompensated, and would leave the room with the 785 temperature set all the way up, resulting in extreme indoor temperatures. Those required 786 the temperature to be set the other way, and caused frustration. Steinfeld [42] concludes 787 that passive systems require far less intervention on the part of the resident, and that 788 thermostat controls should only function within the optimal thermal comfort range. 789
Problems concerning how to operate thermostats and radiators knobs are also found from 790 qualitative research. Mrs. N (aged 81, divorced) has a severely damaged short-term 791 memory due to multiple strokes. Mrs. N had had a new thermostat, but due to her 792 impaired short-term memory, she does not know how to operate it, even though the 793 family put the instructions next to it on the wall. Her daughter explained: 794 "The instructions do not stick to her mind. Sometimes, the thermostat is turned on 34°C, and then you 795 think it"s rather hot in here. Today it was set on 18°C and you think it"s rather chilly."
796
Mrs. N continued: 797 "O, well, to me it wasn"t very cold."
798
Later, the daughter mentioned that the knobs of the radiator panels had been removed by 799 the children. 800 "Mother turned the radiator knobs instead of using the thermostat, something she never did before.
801
Then [mother] would say: "It"s not very comfortable in here, let me turn up the thermostat", which 802 results in a very hot home and that is why we took off the knobs." 803 804
Mrs. B2 (aged 60), cares for her 65-year-old husband, who suffers from a mix of 805
probable Alzheimer"s disease and vascular dementia. 806 "Well, we used to have [some problems] with the radiator knobs; then it suddenly is very hot in here.
807
The heating is then put around 30 to 35°C. And then I say: "You can not touch it." It then feels like you 808 are about to suffocate in here, but well, then he touches [the knob] again, and then it is totally turned 809 off, or he completely takes off the button and so on."
811
Mrs. B4 is in her fifties, and cares for her father (aged 80), who is diagnosed with 812 probable Alzheimer"s disease. 813 "He always turns up the heating very high. And he always says: "It is so hot in here". [ challenges to the provision of care and well-being. 920
Fully controlled environments or environments where the subject seemingly is in control 921 of the climatic conditions have been shown to pose limitations to people with dementia, 922 which may stem from a broad range in interindividual thermal preferences and 923 experiencing difficulties in working with modern technologies such as control systems. 924
These phenomena may cause ethical dilemmas, including matters of protection and being 925 in control of the direct surroundings. The combined use ICF and the MIBD helps to better 926 understand the needs of the most relevant stakeholders, and makes the total set of answers 927
and solutions to the needs of stakeholders more transparent. 928
Given the results of this study, it is worthwhile to further investigate the impact of the 929 indoor climate on older people with dementia along the lines indicated. Also, the extent 930 to which the perception and sensitivity of people with dementia is different from 931 counterparts without dementia deserves further research efforts. This included the 932 question whether the preference for seemingly uncomfortable conditions stems from 933 physiological changes witnessed in dementia, or stem from the inability to control the 934 environment and the passive acceptance thereof. Until there is more evidence on the 935 needs of people with dementia in relation to the indoor climate and relevant building 936 systems, and as long as no suitable models and standards exist, the design and control of 937 the indoor environment often relies on trial and error. This is captured in a quote by 938
Warner [73, p. 20 
